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DESCRIPTION 
CRANE AND CONTROLLER THEREOF 

Technical Field 

This invention relates to controlling a crane, and in particular to controlling a crane drive 
unit so as to suppress the sway of a load carried by the crane so that it is at a minimum during and 
after the transportation of the load. 

Background Art 

A crane is widely used to transport a load. An operator of a crane must be skilled in its 
operation to frequently and repeatedly turn the operation switch of the crane on and off so as to 
suppress the sway of the load during its transfer by the crane. Moreover, since the operator has to 
wait so as to perform the next step until the sway stops once it is generated, some problems in the 
safety aspect, such as a problem in that a load is being made unstable and so on, are occasionally 
caused. Therefore, suppressing the sway of the load of a crane is a great subject in the crane 
industry. 

Therefore, various improvements have been developed for suppressing the sway of the 
load of a crane. For instance, JP A 2000-38286 discloses a sway-suppressing device for a rotary 
crane. The device includes: monitor means for imaging the position of a transported load; image 
processing means for processing the output on the image from the monitor means to compute 
information, including information on the distance of the load; angle detecting means for inputting 
the output of the image processing means to detect the angle of a crane boom; and crane driving 
means for controlling the operation of the crane boom according to the information on the distance 
from the image processing means and the information on the crane boom angle from the angle 
detecting means so that the transportation orbit of the load, which orbit is drawn by hoisting, 
drawing inward, and turning the crane boom, is made to form straight lines in the form of a polygon. 

However, clearly from the teaching of JP, A, 2000-38286, the conventional improvement 
for the sway suppression requires the monitor means, the angle detecting means, etc., and the 
arrangement for them is complicated. 

Disclosure of the Invention 

The present invention has been conceived in view of the problems discussed above. 
The purpose of the invention is to provide a crane system and its controller or control system that 
have a simple structure and that can suppress the sway of a load suspended from the crane rope 
without requiring a lot of skill, which sway is generated at the moment when the load is transported 
from a first position to a second position. 
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To the above end, the present invention inputs into a crane control unit a signal that is 
converted from a signal concerning the length of the rope of the crane by a feedforward control so as 
not to cause any sway of the load, so that the sway of the load generated at the moment when the 
load suspended from the rope of the crane is transported from a first position to a second position is 
5 suppressed. 

In this invention, a crane control unit denotes a device for driving elements of a crane such 
as a boom, a girder, a trolley, and the like, i.e., for controlling the turning, hoisting, and running of 
those elements depending on the types of cranes. 

In the first aspect of the present invention, a method is provided for controlling a crane 
10 drive unit so as to suppress the sway of a load suspended by a rope of a crane, which sway occurs 
when the load has been transported from a first position to a second position, the control being made 
by operating a controller having a filter unit by using a feedforward control program, the method 
comprising: removing a component near a resonance frequency by the filter unit from a 
transportation command for the load, in which command a maximum value among at least one of a 
15 transportation speed, transportation acceleration, and transportation jerk is limited, under resonance 
frequencies sequentially computed from a rope length that is a distance from the center of rotation of 
the sway of the rope to the center of gravity of the load, and under parameters that relate to a control 
unit of the crane drive unit and that are previously computed so as not to exceed a performance of 
the crane drive unit; and inputting the transportation command, from which the component near the 
20 resonance frequency is removed, into the crane drive unit, thereby controlling the crane drive unit so 
that the load does not greatly sway when the load is transported from the first position to the second 
position. 

In the second aspect of the present invention, a system is provided for controlling a crane 
drive unit so as to suppress the sway of a load suspended by a rope of a crane, which sway occurs 

25 when the load has been transported from a first position to a second position, the control being made 
by operating a controller having a filter unit by using a feedforward control program, the system 
comprising: a rope length detection unit for detecting a rope length that is a distance from the center 
of rotation of the sway of the rope to the center of gravity of the load; a resonance frequency 
computing unit for computing a resonance frequency of the rope having said rope length; a 

30 transportation command transmitting unit for transmitting a transportation command for the load 
given by a transportation command applicator; a parameter computing unit for previously computing 
parameters for a control unit of the crane drive unit so that the parameters do not exceed a 
performance of the crane drive unit; a parameter storing unit for receiving and storing the parameters 
from the parameter computing unit; a maximum value limiting unit for limiting a maximum value 

35 among at least one of a transportation speed, transportation acceleration, and transportation jerk in 
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the transportation command for the load from the transportation command transmitting unit under 
the parameters from the parameter storing unit; and a filter unit for receiving the resonance 
frequency from the resonance frequency calculating unit, the filter unit removing a component near 
the resonance frequency from the transportation command, in which the maximum value is limited 
5 by the maximum value limiting unit, under the parameters from the parameter storing unit, the filter 
unit inputting in the crane drive unit the transportation command, from which the component near 
the resonance frequency is removed. 

In the third aspect of the present invention, a media is provided in which the feedforward 
program used in the first or second aspect is described. 
10 The control system of the first and second aspects can be used for a crane that has a jib, 

such as a jib crane (a rotary crane), a tower crane, a truck crane, a wheel crane, a rough terrain crane, 
a crawler crane, and a derrick crane; and an overhead traveling crane, a bridge crane, or the like, 
which has a crane girder or, according to circumstances, a trolley (a truck). 

In the present invention, the term "a filter" or a "filter unit" denotes a circuit or a circuit 
15 unit or portion that has a pair of I/O terminals wherein a transfer function between these terminals 
has a frequency characteristic. 

Further, in the present invention the term "a feedforward control" or a "feedforward 
control method" denotes a controlling method wherein a target output value is obtained by 
previously adjusting a manipulated variable of a subject to be controlled. By this control method, a 
20 good control is performed when the I/O relations, the influence of turbulence, and so on, for the 
subject to be controlled, are clear. 

Further, in the present invention the term "a jerk" is a gradient of an acceleration 
concerning time (the dimension for it is L/T 3 , where L is the dimension in length, and T is the 
dimension in time). 

25 By the way, by limiting the maximum value among at least one of a transportation speed, a 

transportation acceleration, and a transportation jerk in a transportation command for a load as in the 
present invention, it can be ensured that the command does not exceed the performance, especially 
the acceleration performance, of the crane drive unit. 

Moreover, by filtering the transportation command for the load to remove the component 

30 of resonance frequency as in the present invention, the control performance of the control units of 
the crane drive unit can be prevented from greatly deteriorating even if an error is included in the 
detected rope length. 

In the fourth aspect of the present invention, a crane is provided, the crane having a turning 
motor for turning the crane boom, a turning motor control unit for controlling a speed and a direction 
35 of rotation of the turning motor, a rolling-up motor for rolling a rope of the crane up and down, and a 
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rolling-up motor control unit for controlling a speed and a direction of rotation of the rolling-up 
motor, and further comprising: a rope length detection unit for detecting a present length of a rope of 
the crane; and a controller electrically coupled to both the turning motor control unit and the 
rolling-up motor control unit, the controller outputting to the turning motor control unit a signal 
transformed from a signal of the rope length by a feedforward control so as to suppress the sway of a 
load suspended from the rope at a moment when the load has been transported from a first position 
to a second position. 

The crane of the fourth aspect of the present invention may further include a 
boom-hoisting motor for hoisting the crane boom and a boom-hoisting motor control unit for 
controlling a speed and a direction of rotation of the boom-hoisting motor, wherein the 
boom-hoisting motor control unit is electrically coupled to the controller, and the controller further 
outputs into the boom-hoisting motor control unit the signal transformed from the signal of the rope 
length by the feedforward control so as to suppress the sway of the load suspended from the rope at 
the moment when the load has been transported from the first position to the second position. The 
controller can be attached to an existing crane. 

In the fifth aspect of the present invention, a controller for a crane attachable to an existing 
crane is provided, the controller including a turning motor for turning the boom of the crane, a 
boom-hoisting motor for hoisting the boom, a turning motor control unit for controlling a speed and 
a direction of rotation of the turning motor, and a boom-hoisting motor control unit for controlling a 
speed and a direction of rotation of the boom-hoisting motor, wherein only a signal of a rope length 
of the crane is inputable to the controller, and wherein the controller outputs a signal transformed 
from the signal of the rope length by a feedforward control so as to suppress the sway of a load 
suspended from a rope of the crane at a moment when the load has been transported from a first 
position to a second position under the condition that there is no disturbance. 

The crane of the fourth and fifth aspects of the present invention is a crane having a jib, 
such as a jib crane (a rotary crane), a tower crane, a truck crane, a wheel crane, a rough terrain crane, 
a crawler crane, a hammer-head crane, a derrick crane, or the like. 

The other features and structures of the present invention will be clear from the 
embodiments described below in relation to the accompanying drawings. 

Brief Description of the Drawing s 

Figure 1 is a schematic drawing showing an embodiment of the crane system of this 

invention. 

Figure 2 is a block diagram showing the first embodiment of the controller for controlling 
the sway of a load of the crane shown in Figure 1 . 

Figure 3 is a diagrammatic chart (time in the abscissa, and a transportation speed in the 



ordinate) that compares the transportation speed of the load caused by the crane system of Figure 1 
with that caused in one case that does not use this invention. 

Figure 4 is a diagrammatic chart (time in the abscissa, and the sway of the load in the 
ordinate) that compares the sway of the load caused by the crane system of Figure 1 with that caused 
in one case that does not use this invention. 

Figure 5 is a block diagram showing the second embodiment of the controller for 
controlling the sway of the crane of Figure 1. 

Figure 6 is a schematic perspective view of another crane (an overhead traveling crane) to 
execute this invention. 

Best Mode for Carrying Out the Invention 

The embodiments of this invention are described below in detail on the basis of the 
accompanying drawings. 

First, the first embodiment of a crane that executes this invention is explained on the basis 
of Figures 1 and 2. 

Figure 1 is a schematic diagram that shows one embodiment of the crane of this invention. 
Figure 2 is a block diagram that shows a system for controlling a crane drive unit of the crane shown 
in Figure 1. 

In Figure 1, a crane 20 has a rope 21 for suspending a load 22, a hoisting drum (not 
shown) for rolling the rope up and down, a boom 24, a boom-hoisting motor 32 for hoisting the 
boom, a turning motor 33 for turning the boom, and a rolling-up motor 34 for rotating the hoisting 
drum (not shown) to roll the rope 21 up or down. These motors may be electric or hydraulic. 

Each of the boom-hoisting motor 32, the turning motor 33, and the rolling-up motor 34 is 
electrically coupled to its control unit. Specifically, the boom-hoisting motor 32 has a 
boom-hoisting motor control unit 35 that controls hoisting the boom 24 and its hoisting speed, while 
the turning motor 33 has a turning motor control unit 36 that controls the speed and the directions of 
the boom 24. The boom-hoisting motor control unit 35 and the turning motor control unit 36 are 
electrically coupled to a controller 3. The controller 3 may be a computer, and is connected to a 
rolling-up motor control unit 37 and a receiver 39. 

The rope 21 may be connected to the load using a hoisting attachment or attachments 23 
(for instance, a hook attached to the distal end of the rope 21 and/or other necessary slinging wires, 
turnbuckles, etc.). In this specification and claims, the term "a load" denotes an actual load to be 
transported and/or a hoisting attachment or attachments. Further, the length (L) of the rope denotes 
the distance from the center of rotation of the sway of the rope 21 at the distal end of the boom (for 
instance, in the rotary crane the center of rotation is called a "sheave") to the center of gravity of the 
load, as shown in Figure 1 . 
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As shown in Figure 2, the crane 20 also has a rope length detection unit 1 and a 
transportation command transmitting unit 2. In this embodiment, as shown in Figure 2 a controller 
3 includes a resonance frequency computing unit 4, a maximum value limiting unit 5, and a filter 
unit 6. The rope length detection unit 1, the controller 3, and a parameter computing unit 8 together 
5 compose a control system as a whole. 

The rope length detection unit 1 is a means for measuring or detecting the distance from 
the center of rotation of the sway of the load suspended by the rope 21 to the center of gravity of the 
load, and can take any forms for its purpose to be accomplished. For instance, a well-known 
encoder, a laser range finder, or the like, may be used as the rope length detection unit. 

10 A transportation command for the load is a command signal for transporting the load, 

generated by an operator of the crane by keeping depressed a button or buttons, or the like, for 
turning and/or hoisting the crane boom (or for running a girder and a trolley in the case of an 
overhead traveling crane or the like, which will be described below with reference to Figure 6) or for 
operating the rolling-up motor. 

15 Further, a transportation command denotes a command inputted as an input signal from a 

computer, which is separately arranged, if the load is to be transported to a fixed point. 

For instance, in this embodiment the transportation command denotes a command for the 
load that is applied to the rolling-up motor control unit 37, the boom-hoisting motor control unit 35, 
and the turning motor control unit 36. The command varies depending on the type of cranes and 

20 depending on whether all the operations for the transportation by a crane are automatically carried 
out, or whether an operator carries out the operations. 

In this embodiment, as shown in Figure 1, the receiver 39 is connected with an operation 
box 38 via a cable or by wireless. The operation box 38 acts as a transportation command input 
unit (a transportation command applicator) for inputting a transportation command or commands for 

25 the load 22, under a prescribed condition on the transportation of the load 22, while the receiver 39 
acts as a transportation command transmitting unit 2 for transmitting a transportation command or 
commands to the controller 3, as shown in Figure 2. As referred to above, both the transportation 
command input unit and the transportation command transmitting unit may be computers. 

As shown in Figure 1, the controller 3 is electrically coupled to the control units 35, 36 of 

30 the motors 32, 33, which motors act as a crane drive unit 9 of the crane 20. As shown in Figure 2, 
the controller 3 includes: a resonance frequency computing unit 4 for computing a resonance 
frequency of the rope 21 having a length L obtained by the rope length detecting unit 1 ; a parameter 
storing unit 7; a maximum value limiting unit 5 for limiting a maximum value among at least one of 
a transportation speed, transportation acceleration, and transportation jerk in the transportation 

35 command for the load from the transportation command transmitting unit 2 under the parameters in 
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the parameter storing unit 7; and a filter unit 6 for removing a component near the resonance 
frequency that is a result of the computation by the resonance frequency computing unit 4 from the 
result of the maximum value limiting unit 5 and for inputting in the crane drive unit a transportation 
command from which the component near the resonance frequency is removed (namely, a filter unit 
5 6 for computing a drive condition on the crane drive unit 9 so as to suppress the sway of the load 22 
that will be generated at the moment when the load is transported from a first position to a second 
position and for inputting the condition into the crane drive unit). 

The parameter computing unit 8 of the control system previously computes the parameters 
for the control units of the crane drive unit 9, the parameters not exceeding the performance of the 
10 crane drive unit 9, and the parameter storing unit 7 of the controller 3 stores the computed results of 
the parameter computing unit 8 and outputs the parameters for the control units 35, 36, and 37 of the 
crane drive unit 9 to the maximum value limiting unit 5 and filter unit 6. 

There is a parameter used to limit the maximum value and a parameter used for the filter 

unit. 

15 The operations interrelated with the units of the controllers 3 are executed by a 

feedforward control program. In this embodiment, the feedforward control program is stored in a 
medium, and the control system is adapted to use this medium. 

A transporting operation of the load 22 is explained below, in which operation the load is 
lifted up by rotating the hoisting drum for a required time after being engaged with the lower end of 

20 the rope 21, as shown in Figure 1, and is then transported from a first position to a second position. 
When the load 22 (a subject to be carried) is lifted up by rotating the hoisting drum for the required 
time, the rope length detection unit 1 detects the length of the rope and inputs the detected result on 
the length into the resonance frequency computing unit 4 of the controller 3. Then, the resonance 
frequency computing unit 4 computes a resonance frequency of the rope 21 of the length and inputs 

25 the computed result on the frequency in the filter unit 6. 

On the other hand, a transportation command for the load 22 is input from the 
transportation command applicator 38 into the transportation command transmitting unit 2, which 
transmits the transportation command for the load 22 to the maximum value limiting unit 5. Then the 
maximum value limiting unit 5 reads the parameters for the control units 35, 36, 37 from the 

30 parameter storing unit 7, which parameters do not exceed the performance of the crane drive unit 9, 
and limits a maximum value among at least one of a transportation speed, a transportation 
acceleration, and a transportation jerk in the transportation command for the load. The maximum 
value limiting unit 5 then inputs the result on the limitation into the filter unit 6. 

After that, the filter unit 6 acts to read the parameters of the control units 35, 36, 37, which 

35 do not exceed the performance of the crane drive unit 9, and under the resonance frequency 
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sequentially computed from the rope length, acts to filter the transmission command, which is to be 
applied to the crane drive unit 9, and in which the maximum value among at least one of the 
transportation speed, transportation acceleration, and transportation jerk is limited, to remove a 
component near the resonance frequency. The filter unit 6 then inputs the transportation command, 
which is so filtered, into the crane drive unit 9. Accordingly, the crane drive unit 9 is controlled 
and operated so that the load 22 does not sway greatly at the moment when it is transported from the 
first position to the second position. 

The computation by the filter unit 6 is carried out based on the following theory. Namely, the 
filter can be shown by expression (1) by assuming the time series data to be input into the filter unit 
6 as x(t) and the time series data output from the filter unit 6 as y(t). 

Expression (1) 

^W = M/W0 + ^/W/-l) + 62(/)x(N2) + ' • - -ai(f)y(t-\)-a2(f)y(t-2)-- • • 

where aj(f) and bj(f) are parameters mediated by the resonance frequency f sequentially computed 
for the varying length of the rope 21. 

The resonance frequency f of the rope length L is , where g denotes the acceleration 

of gravity. This resonance frequency f is computed by the resonance frequency computing unit 4. 

Further, x(t-j) denotes time series data to be input before the control period starts, and 
Y(t-i) denotes time series data to be output before the control period starts. 

Although the item numbers m and n may be arbitrarily determined according to the 
structure of the filter, they must be predetermined. For the primary low-pass filter, m=0 and n=l 
must be predetermined, for the secondary low-pass filter, m=0 and n=2, and for the notch filter, m=2 
and n=2. The predetermined item numbers m and n are input to the parameter storing unit 7 and 
the parameter computing unit 8. 

Moreover, the parameters aj (f) and bj (f) should be computed beforehand by the parameter 
computing unit 8. They are determined by using the parameter computing unit 8 in a simulation in 
which a model expressing the characteristic of the crane is used, and by changing their values little 
by little. 

The constraint conditions on that determination are one wherein the maximum speeds in 
the transportation command applied to the crane drive unit 9 do not exceed the maximum speed of 
the crane drive unit 9 (i.e., the speed of the motors 32, 33, and 34), one wherein each maximum 
value in the transportation command applied to the crane drive unit 9 does not exceed the limitation 
of the maximum value of the crane drive unit 9, and one wherein it satisfies the two foregoing 



conditions and makes the transportation time the shortest. 

By the way, expression (1) is obtained by carrying out a Z-transformation to the transfer 
function of the filter shown below in expression (2). 
Exprression (2) 



F(S)= nS) _ b 0 (f)S°+b l (f)S l + b 2 (f)S 2 +' 



_ y=o 



X(S) a 0 (f)S»+aXf)S l +a 2 (f)S*+' • • 

1=0 

where S is a Laplacian operator. 

Thus, the transportation command from the transportation command transmitting unit 2 
changes as shown in Figure 3. In Figure 3, the straight lines, where the transportation speed is 
constant, show a transportation command by the transportation command transmitting unit; the 
trapezoidal straight lines show a transportation command when the limitation is made by the 
maximum value limiting unit; and a curve shows a transportation command when the filtering is 
carried out by the filter unit. 

Under the parameters of the control units of the crane drive unit 9, which are previously 
computed so as not to exceed the performance of the crane drive unit 9, the filter unit 6 filters the 
transportation command in which the maximum value among at least one of the transportation speed, 
the transportation acceleration, and the transportation jerk is limited, to remove a component near the 
resonance frequency from the command and inputs the filter-processed command into the crane 
drive unit. Accordingly, the sway of the load 22 is suppressed as shown in Figure 4. 

In Figure 5, another embodiment of the controller 3 of the crane system 20 of Figure 1 is 

shown. 

As in Figure 5, a signal corresponding to a length L of the rope is supplied from the rope 
length detection unit 1 (Figure 2) to the controller 3. The controller 3 outputs a signal that is 
converted by a feedforward control from just the signal for the rope length L so as not to cause any 
sway of the load when there is no turbulence, into the turning motor control unit 36 and the 
boom-hoisting motor control unit 35. 

Further, the rolling-up motor control unit 37 now controls the direction and speed of 
rotation of the rolling-up motor 34. The rolling-up motor control unit 37 may be, for instance, an 
inverter that outputs the signal corresponding to the rope length into the controller 3. 

The operation of the crane system is now described. The operator operates the crane via 
the operation box 38. In the crane system of this embodiment, the crane is driven so as to roll the 
rope up and to turn and hoist the crane boom. 



10 

Among the signals generated by the operator's operation of the operation box 38, the 
signal for rolling up the rope directly operates both the rolling-up motor control unit 37 and the 
rolling-up motor 34, via the receiver 39 (but not via the controller 3), thereby changing the rope 
length L. 

5 On the other hand, the signals for turning and hoisting the crane boom, among the signals 

generated by the operator's operation of the operation box 38, are transmitted via the receiver 39, 
and also via the controller 3, where they are transformed by the feedforward control based on the 
rope length L to signals that do not cause any sway of the rope. The controller then sends the 
transformed signals to the turning motor control unit 36 and the boom-hoisting motor control unit 35, 
1 0 thereby controlling the direction (or directions) and speed (or speeds) of rotation of the turning 
motor 33 and the direction (or directions) and speed (or speeds) of rotation of the boom-hoisting 
motor. 

Thus, just by adding to an existing crane the unit for detecting (or computing) the rope 
length and the additional controller, the sway of the load carried by the crane is reduced. 

15 Though in this embodiment the directions and speeds of rotation of the turning motor 33 

and the directions and the speeds of rotation of the boom-hoisting motor 32 are controlled, in the 
case of a crane that has no hoisting mechanism it is clear that only the signal for the rope length is 
transformed, and that just the turning of the motor 33 is controlled for the control of turns of the 
boom or the like. Though in this invention the crane provided with the boom-hoisting motor 32, 

20 the turning motor 33, and the rolling-up motor 34 is used, the boom-hoisting motor 32 may not be 
necessary. 

Further, though in this invention the inverters are used for the turning motor control unit 
36 and the boom-hoisting motor control unit 37, it is also possible to use a phased control of the 
speed (for instance, a two-stage control), without using the inverters, so as to make the system cheap. 

25 From the beginning it is also possible to attach the controller 3 to a new crane, instead of 

attaching it to an existing crane. 

Next, a controller 3, as in Figure 5, used for the feedforward control of this invention, is 
described in detail. The controller 3 uses a computer that is operated by a program that applies a 
feedforward control method to the crane provided with the rolling-up motor control unit 37, which 

30 adjusts rolling the rope up and down. This controller 3 uses two input signals; one is the output 
signal inputted from the transportation command inputting and transmitting unit, which inputs and 
outputs (transmits) a transportation command for the load 22, and the other is the output result 
inputted from the rope length detection unit. The transportation commands for the load 22 are a 
rolling-up command, a turn command, and, depending on the type of crane, a boom hoist command. 

35 Further, the controller 3 includes a resonance frequency computing unit 4 that computes 
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the resonance frequency of the rope 21, which suspends the load 22, based on the detection result by 
the rope length detecting unit, and includes maximum value limiting units 5a, 5b that use the signal 
concerning the turn and the boom hoist inputted from the transportation command inputting and 
transmitting unit, and that limit the transportation command for the load 22 inputted from the 
transportation command inputting and transmitting unit. The controller further includes filter units 
6a, 6b and hence computes drive conditions for the crane so as to suppress the sway of the load 22 
generated at the moment when the load 22 is transported to the desired position based on the 
computation results of the resonance frequency computing unit 4 and the maximum value limiting 
units 5a, 5b. 

Further, the controller 3 includes output transmitting means for outputting the crane drive 
conditions to both the turning motor and the boom-hoisting motor. 

Next, the operation of the controller used for the feedforward control used in this invention 
is described in detail. 

The operator inputs a transportation command for a load 22 into the controller 3 via the 
operation box 38 and the receiver 39, which operation box acts as a transportation command 
inputting and transmitting unit for inputting and outputting a transportation command for the load 22. 
In the controller, the maximum value among at least one of a transportation speed, a transportation 
acceleration, and a transportation jerk in the transportation command is limited by the maximum 
value limiting units 5a, 5b based on the signal inputted from the transportation command inputting 
and transmitting unit. Further, in the controller the resonance frequency of the rope is computed by 
the resonance frequency computing unit 4 based on the detection result by the rope length detection 
unit. 

In the controller, the filter units 6a, 6b further compute signals to suppress the sway of the 
load remaining at a moment when it is transported to a desired position, by using the computation 
results from the maximum value limiting units 5a, 5b and the resonance frequency computing unit 4. 

In this invention the signal that suppresses the sway of the load is a feedforward-processed 
signal generated by passing a signal for transportation conditions through the filter units 6a, 6b, 
which remove the resonance frequency that is computed from just the signal of the rope length input. 

Moreover, the filter units 6a, 6b here consist by combining a low-pass filter, a high-pass 
filter, a band-pass filter, a notch filter, and so on, so that they are appropriate for the crane. No 
signal transformation is made that uses a mechanical model for a crane. 

Therefore, the sway can surely and easily be controlled even if the input signal is simple 
and rough. 

Further, the control units 35, 36, 37 comprise an output transmitting unit for outputting a 
crane drive condition to each of the motors 32, 33, and 34. 
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When the influence of the turbulence for the subjects to be controlled is unclear, in 
addition to the feedforward control a feedback control may be added. 

Though the foregoing description is made for a crane with a boom and for the control of 
the sway of a load carried by that crane, such a control can be similarly applied to an overhead 
traveling crane as shown in Figure 6. 

An embodiment of an overhead traveling crane 40 as shown in Figure 6 runs through 
wheels 42 on a pair of spaced-apart rails 41 disposed near a ceiling. The crane 40 has a girder 43 
secured to the wheels 42 for running along the rails (as shown by arrows); a trolley 44 attached to 
the bottom of the girder 43 for running across the girder, i.e., in the directions shown by another pair 
of arrows; and a rope 21 suspended from the trolley 44 so as to be rolled up and down to suspend a 
load 22. As is well known, the girder runs by means of a running motor (not shown) attached to it, 
and the trolley 44 runs transversely by means of a trolley motor (not shown) attached to it. The 
rope 21 is rolled up and down by a rolling-up motor (not shown) attached to the trolley. 

These motors (not shown) and their control units (not shown, but corresponding to the 
control units 35, 36, 37 shown in Figure 1) compose the crane drive unit 9 shown in Figure 2. 
Further, it is clear that the control discussed above can be applied to the overhead traveling crane 40 
when the boom-turn command and the boom-hoist command in Figure 5 are replaced with a girder 
run command and a girder traverse command for the overhead traveling crane 40 shown in Figure 6. 

Though the overhead traveling crane of Figure 6 has a transverse trolley, this trolley may 
be eliminated. In that case, the rolling-up motor for rolling up the rope is installed on the girder. 

Moreover, the overhead traveling crane need not have a trolley or a rolling-up motor, but 
instead may have a rope that has a constant length. In this case, the signal concerning the rope length 
is constant. 

Though the embodiments of this invention are explained above by showing in the 
drawings the rope being rolled up and down, they are just examples of the present invention, and the 
invention is not limited to them. It would be clear to one skilled in the art that modifications and 
changes can be made to those embodiments without departing from the spirit of the invention. It is 
intended that the invention include the modifications and changes, and that the scope of the 
invention be defined by the claims. 



